In recent studies (1-3) it has been demonstrated that the passive transfer of imrnunocompetent allogeneic lymphoid cells to guinea pigs previously primed with 2,4-dinitrophenyl-ovalbumin (DNP-OVA) 1 results in the increased synthesis of anti-DNP and anti-OVA antibodies in the absence of further antigenic challenge, and markedly enhances anti-DNP responses to an appropriately timed challenge with DNP coupled to an unrelated carrier, bovine gamma globulin (BGG). This phenomenon has been termed the "allogeneic effect" and has several salient features. First, the phenomenon reflects and requires the development of a transient graftversus-host (GVtt) reaction in the lymphoid organs of the primed host (1). The existence of a concomitant host rejection reaction is not only not required, but appears to play little if any role (3). Secondly, the lymphoid cells of the host must be primed before the administration of allogeneic cells. Numerous attempts to demonstrate an enhanced primary response by the prior administration of allogeneic cells have failed, and, indeed, the primary response is usually suppressed under these circumstances (1-3a). Finally, the allogeneic effect has been shown to replace the requirement for carrier-specific helper T cells in the development of hapten-specific anamnestic antibody responses manifested by the primed lymphoid cells of the host (2).
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In recent studies (1-3) it has been demonstrated that the passive transfer of imrnunocompetent allogeneic lymphoid cells to guinea pigs previously primed with 2,4-dinitrophenyl-ovalbumin (DNP-OVA) 1 results in the increased synthesis of anti-DNP and anti-OVA antibodies in the absence of further antigenic challenge, and markedly enhances anti-DNP responses to an appropriately timed challenge with DNP coupled to an unrelated carrier, bovine gamma globulin (BGG). This phenomenon has been termed the "allogeneic effect" and has several salient features. First, the phenomenon reflects and requires the development of a transient graftversus-host (GVtt) reaction in the lymphoid organs of the primed host (1). The existence of a concomitant host rejection reaction is not only not required, but appears to play little if any role (3) . Secondly, the lymphoid cells of the host must be primed before the administration of allogeneic cells. Numerous attempts to demonstrate an enhanced primary response by the prior administration of allogeneic cells have failed, and, indeed, the primary response is usually suppressed under these circumstances (1-3a). Finally, the allogeneic effect has been shown to replace the requirement for carrier-specific helper T cells in the development of hapten-specific anamnestic antibody responses manifested by the primed lymphoid cells of the host (2) .
The studies presented in this and the accompanying paper (4) were undertaken in inbred mice to elucidate further the phenomenon of the allogeneic effect, in that, as a model, the mouse provides greater flexibility in manipulating cell populations and histocompatibility differences. In the experiments described here, we show that: (a) the general features of the allogeneic effect * This investigation was supported by Grant AI-10630 from the National Institutes of Health, U.S. Public Health Service.
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RESULTS

Elicita$ion of the Allegeneic Effect in Inbred
Mice.--Groups of CAF1 mice, primed 2 wk previously with DNP-KLH, were injected intraperitoneally with 25 or 50 X 106 spleen cells from nonimmunized parental A strain donors. 6 days later, these recipient mice and groups of similarly primed control mice which had received no allogeneic cell transfer were subjected to secondary challenge intraperitoneally with either 100 #g of DNP-KLH or varying doses (10, 50, or 100/zg) of the heterologous conjugate, DNP-BGG.
As illustrated in Fig. 2 and Table I , all mice challenged with the homologous conjugate, DNP-KLH, displayed comparable secondary anti-DNP antibody responses irrespective of whether or not they had received parental donor cells. This observation, which was consistent in many such experiments, probably reflects the essentially maximal stimulation induced by the homologous D N P carrier. On the other hand, a striking contrast is evident among the groups of mice subjected to secondary challenge with DNP-BGG. Hence, whereas comparatively little or no secondary anti-DNP response to DNP-BGG was obtained in control animals, a very clear allogeneic effect reflected by, in some instances, markedly enhanced antibody responses was observed in recipients of parental spleen cells. Elicitation of the effect, and its magnitude, was related to the dose of DNP-BGG administered as well as the number of cells transferred. Thus, the most striking enhancement occurred in the recipients of 50 >( 106 cells that were challenged with 50 #g of DNP-BGG, conditions which resulted in a secondary anti-DNP response of even greater magnitude than that elicited with DNP-KLH. A significant allogeneic effect, though lesser in magnitude, was also obtained in recipients of 25 X 106 ceils challenged with 50 ~g of D N P -B G G and in recipients of both cell doses challenged with 100 ~g of D N P -B G G . Animals challenged with 10 t~g of D N P -BGG, on the other hand, failed to display significantly enhanced secondary Elicitation of the allogeneic effect in DNP-KLH-primed CAF1 recipients of parental A strain lymphoid cells. CAF1 mice, primed 2 wk previously with 100/zg DNP-KLH plus 108 B. pertussis, were injected intraperitoneally with 25 or 50 X 106 spleen cells from nonimmunized A strain donor mice. Control DNP-KLH-primed CAF1 mice (open bars) did not receive allogeneic cells. 6 days after cell transfer groups of five mice received secondary challenge intraperitoneally with either 100 #g of DNP-KLH or varying doses (10, 50, or 100 #g) of DNP-BGG. The increase in geometric mean serum anti-DNP antibody levels from just before secondary challenge to 7 days later is illustrated for the respective groups.
anti-DNP antibody responses regardless of the dose of parental cells injected. Comparable results were obtained in studies not shown in which parental BALB/c cells were transferred to primed CAF1 mice.
Effect of Varying the Rout* of Administration of AUogeneic Lymphoid Cells.--2 wk after primary immunization with DNP-KLH, groups of CAF1 and BALB/c mice were injected either intravenously or intraperitoneally with varying numbers of spleen cells from nonimmunized A donors. 6 days later, recipients of allogeneic cells and similarly primed control mice of each strain which had received no cell transfer were challenged with 100 #g of DNP-BGG intraperitoneally.
T h e results are s u m m a r i z e d in T a b l e I I . B o t h recipient s t r a i n s d i s p l a y e d e n h a n c e d s e c o n d a r y a n t i -D N P a n t i b o d y responses as a result of allogeneic :~ The data are expressed as geometric means of groups of five mice. Boost represents the increase in mean antibody levels from the day of secondary challenge (day 0) to 7 days later (day 7). A comparison of the geometric mean boost values gave the following results: comparison of group A with groups B and C yielded a P value of 0.80 > P > 0.70. Comparison of group D with groups E and F yielded P values of 0.10 > P > 0.05 and 0.20 > P > 0.10, respectively. Comparison of group G with groups H and I yielded P values of 0.02 > P > 0.01 and 0.001 > P, respectively. Comparison of group J with groups K and L yielded P values of 0.025 > P > 0.02 and 0.02 > P > 0.01, respectively. cell transfer, a l t h o u g h t h e o p t i m a l conditions for o b t a i n i n g the effect clearly differed b e t w e e n t h e m . T h u s , CAF1 mice m a n i f e s t e d e n h a n c e d a n t i -D N P a n t i b o d y responses after t r a n s f e r of allogeneic cells e i t h e r i n t r a p e r i t o n e a l l y or i n t r a v e n o u s l y , t h e l a t t e r route b e i n g m o s t effective. B A L B / c recipients, on t h e o t h e r h a n d , d i s p l a y e d e n h a n c e d s e c o n d a r y responses only w h e n allogeneic cells were injected intravenously; cells administered intraperitoneally were ineffective at the cell doses employed.
T h e m a g n i t u d e of the allogeneic effect was also related to the n u m b e r s of * CAF1 and BALB/c mice, primed 2 wk earlier with DNP-KLH, were injected intraperitoneally or intravenously with 5 or 25 X 106 spleen cells from normal A strain donor mice. Control DNP-KLtt-primed CAF1 and BALB/c mice received no allogeneic cell transfer. 6 days after cell transfer all mice were boosted with 100 #g of DNP-BGG.
:~ The data are expressed as geometric means of groups of four mice. Boost represents the increase in mean antibody levels from the day of secondary challenge (day 0) to 7 days later (day 7). A comparison of geometric mean antibody levels on day 7 of group A with its respective experimental groups yielded P values of: 
Effect of Varying the Time Interval Between Allogeneic Cell Transfer and Secondary
Challenge.--In the preceding experiments, an interval of 6 days between allogeneic cell transfer and secondary challenge was employed since this had been found to be the optimal time interval in the guinea pig system. T h e present experiment was carried out to elucidate the optimal time interval in the mouse system. DNP-KLH-primed CAFI mice were injected intravenously with 25 )< 106 parental A strain lymphoid cells. At varying intervals after cell transfer, recipient mice and primed control animals which had received no allogeneic cells were challenged with either 10 #g of DNP-KLH or 50 #g of DNP-BGG intraperitoneally.
T h e results are summarized in T a b l e I I I . W h e n secondary challenge was m a d e with the homologous antigen, D N P -K L H , control mice as well as allo- geneic cell recipients displayed, as expected, very good secondary anti-DNP antibody responses. The magnitudes of such secondary responses were comparable between the control and experimental groups at the 1-and 3-day intervals; however, when DNP-KLH was administered 2 days after cell transfer, recipients of allogeneic cells displayed considerably higher secondary responses than corresponding controls. The response to the heterologous antigen, DNP-BGG, offers a striking contrast in that allogeneic cell recipients manifested markedly enhanced anti-DNP antibody production, as compared with controls, at all time intervals employed. The magnitude of the allogeneic effect is, indeed, related to the time interval between transfer and secondary challenge as evidenced by the considerably higher response observed in mice challenged 2 days after transfer. It is noteworthy that additional studies indicate that at intervals of 6 days or longer the effect of allogeneic cell transfer tends to diminish rather than enhance anti-DNP antibody production.
Enhancement of Secondary Responses to DNP Conjugates of Various Heterologous Carrier
Molecules.--The capacity of a transient GVH reaction to augment secondary anti-DNP antibody responses to a heterologous carrier-DNP conjugate indicates that the allogeneic effect replaces the requirement for carrier-specific helper cells to participate in such reactions (1-3). Indeed, this has been amply demonstrated in previous studies in inbred guinea pigs (2). The present experiment was designed to confirm this critical point in mice utilizing several different carrier molecules known to vary considerably in immunogenic strength. Thus, BGG and OVA were employed as carriers of moderate to high immunogenicity while TAA was employed as a carrier of relatively low immunogenicity in these mice. The copol)Tner of I)-GL was employed as a nonimmunogenic carrier molecule based on previous observations with this substance in guinea pigs (2) and mice (unpublished observations). Indeed, under ordinary circumstances of administration to either nonimmune or DNP-primed guinea pigs (2) or mice (unpublished observations), the DNP conjugate of I)-GL induces a profound state of DNP-specific B cell tolerance. CAF1 mice, primed 2 wk previously with DNP-KLH, were injected intravenously with 25 X 106 lymphoid cells from nonimmune A strain donors. 2 days after cell transfer, groups of recipient mice and similarly primed control animals which received no allogeneic cells were challenged with either the homologous conjugate, DNP-KLH (10/zg), or with one of the heterologous carrier conjugates intraperitoneally.
The results are summarized in Table IV and depicted graphically in Fig. 3 . Secondary challenge with DNP-KLH elicited, as expected, very good anti-DNP antibody responses in control mice. As in the preceding experiment, the secondary responses to DNP-KLH of allogeneic cell recipients were enhanced roughly fourfold over controls. However, even more striking effects were obtained in allogeneic cell recipients challenged with heterologous carrier conjugates. Thus, recipients of allogeneic cells manifested markedly enhanced anti-DNP antibody responses, as compared with controls, to 50 /zg doses of 
either D N P -B G G , D N P -O V A , or D N P -T A A . M o s t impressive and significant
were the responses of allogeneic cell recipients to both 10-and 1-#g doses of the conjugate, D N P -D -G L . Hence, the capacity to elicit enhanced secondary anti-D N P responses with heterologous carrier conjugates of varying degrees of immunogenicity, and particularly with a normally tolerogenic substance, as a result of the allogeneic effect provides compelling evidence t h a t this phen o m e n o n replaces the function of carrier-specific helper T cells. elicit the p h e n o m e n o n in primed F~ hybrid recipients of parental donor cells, as shown previously in guinea pigs (3) and in the present studies in mice. This point suggests t h a t more than antigenic stimulation, per se, b y histocompatibility antigens nmst take place for the allogeneic effect to be expressed. T h e present s t u d y was performed to determine whether or not the same circumstances condition the p h e n o m e n o n in mice.
Failure to Observe the Effect When Primed B cells are Bystanders to the
DNP-primed spleen cells from BALB/c donor mice, which had been primed intraperitoneally 2 wk earlier with 100 ~g of DNP-KLH in complete Freund's adjuvant, were injected intraperitoneally into groups of irradiated syngeneic or allogeneie (A strain) recipients. Individual mice received 25 X 106 primed spleen cells from a common single cell suspension pool. Immediately after cell transfer, groups of recipients were challenged with either the homologous conjugate, DNP-KLH, or 50 #g of DNP-B GG. Control mice received no secondary challenge.
T h e results, summarized in T a b l e V, illustrate two i m p o r t a n t points: first, no allogeneic effect was obtained under these circumstances as evidenced b y the failure to induce antibody production with DNP-BGG in the irradiated allogeneic recipients of primed cells. As expected, no secondary response to DNP-BGG was obtained in the syngeneic combination in contrast to the very, brisk anamnestic response elicited by DNP-KLH. The second point of note was the slightly depressed antibody responses to DNP-KLH observed in the allogeneic combination. We do not place any importance on this, however, since the differences were not statistically significant.
It would appear from this study, in conjunction with the other evidence cited above, that the primed B cell must be more intimately involved in the allogeneic cell interaction in order for a demonstrable stimulatory effect on antibody production to occur. Clearly, a mere bystander status to the active cell interaction is not sufficient) DISCUSSION Since the breakthrough observations of Claman et al. (9) which demonstrated the requirement for cooperative interaction between T and B lymphocytes in development of humoral immune responses, delineation of the mechanism of this interaction has been the subject of intense investigation (for review, see reference 10). The demonstration that induction of a transient graftversus-host reaction can, under appropriate circumstances, markedly enhance specific antibody production in a previously primed animal (1) has provided a useful model with which to approach this problem. Thus, the allogeneic effect, whose properties are discussed briefly in the introduction, and studies of other investigators using somewhat different systems (11, 12) , have provided strong evidence for a hypothesis which considers T cell regulation of B cell function to be mediated through release of a soluble nonspecific factor(s) from appropriately activated T lymphocytes (10) .
The present studies were undertaken to establish the optimal conditions for demonstrating the allogeneic effect in inbred mice. Although such details have been previously determined in inbred guinea pigs (1, 3), it seemed possible, if not likely, that certain critical factors might differ considerably from species to species. Moreover, establishment of this phenomenon in mice offers the great advantage of pursuing the model in the species in which the most is known about identifying and separating distinct T and B cell populations. We have shown that the transfer of immunocompetent allogeneic lymphoid cells into recipient mice that were previously primed with DNP-KLH permits the development of enhanced secondary anti-DNP antibody responses to a DNP-conjugate of an unrelated carrier molecule. The capacity to elicit this effect is determined by several critical experimental factors.
One such factor appears to be the route of administration of allogeneic cells. Thus, DNP-KLH-primed CAF1 recipients of parental A strain lymphoid cells manifested better enhanced secondary anti-DNP responses to the optimal dose of DNP-BGG when 25 >( 106 allogeneic cells were injected intravenously than when the same number of allogeneic cells were administered intraperitoneally 6 days before secondary challenge. In another experiment presented herein, a very striking allogeneic effect on the secondary response to 50 #g of DNP-BGG was obtained in such mice after intraperitoneal transfer of 25 or 50 X 106 allogeneic cells. Nonetheless, additional studies have generally confirmed the greater efficacy of the intravenous route when CAFI mice are used as recipients of parental donor cells. In the case of DNP-KLH-primed BALB/c recipients of allogeneic lymphoid cells, the effect on the response to DNP-BGG challenge 6 days later was obtained only when the intravenous route was employed; transfer of cells intraperitoneally, in the doses used, failed to enhance anti-DNP antibody production.
The magnitude of the allogeneic effect was also related to the numbers of donor cells transferred. In DNP-KLH-primed CAF1 recipients of intraperitoneally administered A strain donor cells, secondary anti-DNP responses were considerably greater when 50 X 106 cells were give than when 25 X 106 cells were transferred 6 days before challenge with 50 #g of DNP-BGG. In the case of intravenously transferred allogeneic cells, 25 X 106 cells were considerably more effective than 5 X 106 cells in both CAF1 and BALB/c recipients. It appears, moreover, that when the intravenous route is used, more careful attention to cell dose is required. Thus, doses of allogeneic cells above 25 X 106 per recipient, when injected intravenously, have generally resulted in suppression of anti-DNP antibody production (unpublished observations). Although the precise explanation for this latter point has not yet been defined, two possibilities appear most likely: (a) the GVH reaction, occurring in the appropriate strength in lymphoid organs of the host, diminishes the number of DNP-primed precursor B cells available to respond to secondary antigenic stimulation. This may result either because such B cells have been among the targets of specific action by T lymphocytes of the donor population, or because they fall victim to nonspecific cytotoxic factors produced during such reactions. In earlier experiments in guinea pigs, it was found that at certain times during the course of the GVH reaction, one parameter of B cell function (i.e. antibody production) was suppressed while induction of DNP-specific memory, reflected in the response to an antigenic challenge made at a later time, was significantly increased (3). These two possibilities are not nmtually exclusive and, indeed, may both operate depending on the existing circumstances (3a) .
Another relevant factor in the elicitation of the allogeneic effect in mice, shown by these experiments, is the time interval employed between cell transfer and secondary challenge. When the allogeneic cells are transferred intravenously, the magnitude of enhancement of anti-DNP responses was optimal when secondary antigen challenge was administered 2 days after cell transfer. In the case of secondary responses to DNP-BGG, enhancement was also observed at intervals of 1, 3, and 6 days but at a level of three-to fourfold less than that obtained at 2 days. Moreover, the secondary responses to the homologous antigen, DNP-KLH, which were generally not affected when intervals of 1, 3, or 6 days were employed, were considerably increased when challenge was made 2 days after cell transfer. These observations differ from those made in guinea pigs where the 6 day" interval was clearly optimal (1). It is quite possible, however, that the optimal time interval in mice ma\" differ according to the strength of the histocompatibility differences between donor and host strains being studied.
Perhaps the most intriguing aspect of the allogeneic effect is the apparent obviation of the requirement for participation of carrier-specific helper T cells in the development of DNP-specific secondary' responses (1-3). This has been confirmed in the present studies in mice in which a secondary anti-DNP response was obtained in animals undergoing a GVH reaction after challenge with DNP-D-GL. This particular DNP conjugate is not only nonimmunogenic but also induces a profound state of DNP-specific tolerance when administered under normal conditions to guinea pigs (2) or mice (unpublished observations). It is presumed, and some evidence exists, a that functional T cells with specificity for D-GL do not exist in these animals. The capacity to elicit an anti-DNP antibody response with DNP-D-GL in the presence of a GVH reaction provides, therefore, compelling evidence that, indeed, the allogeneic effect circumvents the required participation of carrier-specific helper cells in the anti-hapten antibody response. As suggested earlier (2), it is not unlikely that this stimulation of antibody-forming cell precursors by a normally nonimmunogenic substance during the allogeneic effect may well have significant pathogenetic implications. It is conceivable, for example, that potent nonspecific stimuli of the immune system analogous to the GVH reaction, such as might occur during certain infectious processes, may stimulate the development of autoantibodies to host antigens which may be tolerated Finally, the demonstration that no enhancement of the secondary anti-DNP response occurred after passive transfer of DNP-KLH-primed BALB/c spleen cells into irradiated allogeneic recipients bears directly on questions concerning the nature of the cellular interactions involved in this phenomenon. Thus, although a presumably strong one-way allogeneic cell interaction (i.e. the reaction of donor T lymphocytes against histocompatibility antigens of the host, but not vice versa) existed, the response of primed B lymphocytes, in this case members of the donor cell population, was not appreciably affected. Taken in context with similar observations reported previously in guinea pigs (1, 3), this finding suggests that the primed B cell must be an integral participant in the GVH reaction and not a mere bystander to the allogeneic cell interactions. Indeed, in the accompanying paper (4) we provide proof of this point by demonstrating the elicitation of the allogeneic effect on primed B cells from which isologous T cells have been depleted.
SUMMARY
The administration of allogeneic lymphoid cells to 2,4-dinitrophenyl keyhole limpet hemocyanin (DNP-KLH)-primed mice prepares such recipients for markedly enhanced secondary anti-DNP antibody responses to a DNP conjugate of a heterologous carrier. This allogeneic effect phenomenon, reflecting the development of a graft-versus-host (GVH) reaction, was first described in guinea pigs and has been extended in the present studies to inbred mice. The expression of the allogeneic effect in mice is dependent upon critical factors such as the number and route of administration of allogeneic cells, the time interval between cell transfer and secondary challenge, and the strength of histocompatibility differences between the donor and the host. The transient GVH reaction established by the transfer of allogeneic cells obviates the requirement for carrier-specific helper T cells in secondary anti-DNP responses, as evidenced by the ability to elicit such responses with DNP-D-GL, a substance which presumably does not stimulate effective T cell helper function. These studies also demonstrate that primed B cells which are not an integral part of the active GVH reaction fail to produce enhanced levels of antibody'.
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